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Abstract
Purpose The occurrence, evolution and treatment outcome of osteoarthritis are influenced by a series of factors, including
obesity. Assessing how chronic inflammation present in obesity changes the values of peri-operative biological tests could
facilitate a clearer interpretation of laboratory examinations for the proper management of possible complications.
Methods This descriptive study compared biological and clinical factors during the peri-operative period in patients undergoing
total hip/knee replacement, in order to identify the special characteristics of the inflammatory status in obese compared to normal
weight patients. In the two groups (71 normoponderal, 74 obese), serum levels of fibrinogen, high-sensitivity C-reactive protein
(hsCRP), tumour necrosis factor-alpha (TNF-alpha) and interleukin-6 (IL-6) were determined 24 hours pre- and post-operatively.
Results Our results found significant post-operative increases in serum levels of IL-6 and hsCRP in both groups (p = 0.0001),
with inter-group differences in pre-operative hsCRP (p = 0.02) and post-operative IL-6 levels (p = 0.013). Interestingly, TNF-
alpha levels were much higher in the obese pre-operatively than post-operatively (p = 0.002) and higher than the normoponderals
(p = 0.003), decreasing to levels similar to those of the normal weight patients on day two.
Conclusions Because of its important clinical implications, an appropriate comprehension of the peri-operative changes in a
patient’s inflammatory status has the potential to influence therapeutic attitude. We failed to observe any significant post-
operative differences in the mean values of the markers assessed, except those of IL-6, implying that serum levels of fibrinogen,
hsCRP and TNF-alpha within 24 hours after large joint replacements are not influenced by the patient’s ponderal status.
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Introduction

Overweight and obesity are currently one of the main public
health problems [1] and at the same time a major risk factor in
the occurrence of chronic non-communicable diseases [2].
These include osteoarthritis, the frequency of which is four
times higher in people with body mass index (BMI) values
of 30–35 kg/m2 compared to normal weight individuals [3, 4].

It has been shown that an excess of adipose tissue plays the
role of an endocrine organ, secreting adipokines, cell signal-
ling proteins which function at the auto-, para- and endocrine
levels, with major influences on metabolism and inflammato-
ry status, and responsible for maintaining a low level of chron-
ic inflammation in obese individuals [5]. This inflammatory
status appears to have a major role in the progression of oste-
oarthritic disease and may negatively impact the results of
interventions for large joint (hip, knee) replacement [6, 7].
The body’s inflammatory response is responsible for the onset
of pain and the healing process, and is involved in postoper-
ative morbidity and mortality [8]. Therefore, for obese indi-
viduals, chronic inflammation has the potential to create con-
fusion in interpreting inflammatory tests necessary to identify
possible post-operative complications [9].

Numerous studies have identified potential biomarkers
with a diagnostic or prognostic role in the assessment of oste-
oarthritis [10]. Among them, interleukin 6 (IL-6) is considered
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a Bburden of disease^ biomarker, as it is a cytokine with both
pro-and anti-inflammatory roles [11]. Although IL-6 values in
the synovial fluid do not appear to be correlated with BMI, age
or severity of osteoarthritis, some authors have observed the
presence of elevated levels of cytokine in obesity [12–14]. It
has also been observed that IL-6 serum values show circadian
variations with a minimum at about six a.m. [15]. Other
markers suitable for the identification of inflammation are
fibrinogen, erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP), which are more commonly used in
the clinical context to identify possible post-operative compli-
cations of an inflammatory/infectious nature [16]. Among
thee, CRP levels seem to be influenced by the patient’s weight
status [17, 18].

Based on the hypothesis that the inflammatory status of
obese patients may imply significant peri-operative differ-
ences compared to normoponderal patients, we proposed to
evaluate four inflammatory markers (fibrinogen, hsCRP,
TNF-alpha and IL-6) during the 48-hours peri-operative peri-
od in two groups of patients undergoing total hip/knee re-
placement. The aim was to identify the particularities of the
peri-operative inflammatory process in obese patients, in order
to contribute to the optimization of post-operative therapeutic
management and possibly provide a support for the interpre-
tation of inflammatory tests in obese patients.

Patients and methods

Patients

The study was approved by the Ethics Committees of both the
Clinic of Orthopaedics and Traumatology of the Clinical
County Hospital Mureș and the University of Medicine,
Pharmacy, Sciences and Technology of Târgu Mureș. All par-
ticipating patients gave their written informed consent prior to
inclusion in the study, which was conducted in compliance
with the guidelines of the Declaration of Helsinki.

The number of patients included (N) was determined using
the power analysis formula:

N ¼ p x 1−pð Þ x Zα=dð Þ2 ð1Þ
where p stands for the prevalence, Zα is a constant, and d is
the value for the precision. Considering a prevalence of 5%,
the result is N = 0.05 × (1–0.05) × (1.96/0.05)2 = 73 patients.

Designed as a descriptive study, our investigation included
145 patients with advanced stages of hip or knee osteoarthritis
(Kellgren Lawrence grades 3 or 4) who underwent total hip/
knee replacement. Based on their body mass index (BMI)
values, the patients were recruited for either the
normoponderal group (BMI < 25 kg/m2, 71 patients total, 33
females and 38 males, mean age 66.05 ± 8.73 years) or the

obese group (BMI > 30 kg/m2, 74 patients total, 52 females
and 22 males, mean age 65.04 ± 9.17 years). For each patient,
demographic and anthropometric data were collected (age,
gender, weight, BMI, skinfold thickness, waist circumference,
etc.), as well as data on the location, type and grading of
osteoarthritis, disease history (onset, exacerbations, previous
treatments, NSAID medication with duration and doses, etc.),
any associated diseases and treatments followed, and previous
laboratory data, in particular inflammatory markers (CRP,
ESR, fibrinogen), where available.

Exclusion criteria were a personal medical history of sys-
temic inflammatory diseases, autoimmune diseases, inflamma-
tory arthritis or cancer, as well as any long-term corticotherapy.
For all involved patients, surgical interventions were performed
according to the clinic’s protocol, using a standard surgical
technique, in spinal block. Post-operative wound drainage
was provided by vacuum suction, and removed on the first
day after surgery, the patients being mobilised on the second
post-operative day. Patients were observed during their hospital
stay for any post-operative complications.

Sample harvesting and laboratory methods

Two sets of blood samples were harvested from each patient, at
the same time of the day (six am.)—a first set 24 hours before
surgery (day 1–D1) and the second set in the first 24 hours post-
operatively (day 2–D2). Blood was harvested in tubes treated
with anticoagulant: sodium citrate for fibrinogen determination,
and EDTA for the rest of the determinations (hsCRP, TNF-al-
pha, IL-6). After harvesting, tubes were centrifuged at 1500×g
for 20 minutes to obtain platelet-poor plasma, and the samples
were aliquoted and stored at − 80 °C until assessment. All blood
samples were processed at the Centre for Advanced Medical
and Pharmaceutical Research of the University of Medicine,
Pharmacy, Sciences and Technology of Târgu Mureș.

Determination of fibrinogen and hsCRP

For the quantitative determination of fibrinogen levels, the
Clauss photo-optical method was used, with an STA
Compact automated coagulometer and STA®-Liquid Fib re-
agent (Diagnostica Stago SAS, France). The reference range
was 200–400 mg/dL, and the measuring range was 100–
800 mg/dL (1:20 plasma dilution), with a minimum detection
limit of 100 mg/dL, and intra- and inter-run coefficients of
variability of < 4.9% and < 3.2%.

The quantitative determination of hsCRP was performed
using a BN ProSpec® nephelometer, with CardioPhase®
hsCRP reagent (Siemens Healthcare Diagnostics, GmbH,
Marburg, Germany), and a reference range of < 3 mg/L.
Measurement range was 0.175–11 mg/L, with a 0.175 mg/L
minimum detection limit, and intra- and inter-run coefficients
of variability of < 4.0%, and < 4.6%, respectively.
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Determination of TNF-alpha

For measuring the plasma concentration of TNF-alpha, the
sandwich enzyme-linked immunosorbent assay (ELISA)
was used on the Dynex DSX analyser using the human
TNF-alpha Quantikine reagent (R&D Systems, Inc.
Minneapolis, USA) according to the manufacturer’s instruc-
tions. Monoclonal antibodies specific for TNF-alpha fixed on
the solid reaction medium formed immune complexes with
TNF-alpha from the sample; after addition of the secondary
antibodies and development of the tetramethylbenzidine
(TMB) reaction, the colour intensity developed at the end of
the reaction was proportional to the concentration of the ana-
lyte of interest in the sample. The optical density of the sam-
ples, read at the end of the reaction, was interpolated on the
calibration curve, thus obtaining the concentration of TNF-
alpha. The measurement range was between 15.6 and
1000 pg/mL, the lower limit of detection (LLD) was 1.6 pg/
mL and the intra- and inter-assay coefficients of variability
(CV) were < 5.2% and < 5.4% respectively.

Determination of IL-6

Serum samples for IL-6 quantification were collected in
EDTA-treated vacutainers and stored at − 80 °C after initial
processing, until the assays were performed. The manufactur-
er asserts that any pre-analytical harvest errors do not affect
the obtained results. For IL-6 determinations, the Immulite
2000 XPI Immunoassay System (Siemens Healthcare
GmbH, Germany) was used and samples were processed ac-
cording to the manufacturer’s recommendations. The analyser
uses the sequential solid-phase chemiluminescence immuno-
assay consisting of 2 incubation cycles of 30 minutes. The

analytical sensitivity of the method is 2 pg/mL, and the cali-
bration curve provides results up to 1000 pg/mL. Coefficients
of variability were 4.5% intra-run and 5.3% inter-run.

Statistical analysis

Statistical analysis was performed using SPSS for Windows
version 20.0 (SPSS, Inc., Chicago, IL). To assess the normal-
ity of continuous variables (i.e. fibrinogen, hsCRP, TNF-al-
pha, IL6), the Shapiro-Wilk test was applied. Student’s t test
paired and unpaired versions was used to assess the differ-
ences between means of continuous variables (expressed as
mean ± SD), while differences between nonparametric vari-
ables (expressed as median, range) were compared using the
Mann-Whitney and Wilcoxon test. We interpreted all tests
against a p = 0.05 significance threshold and statistical signif-
icance was considered for p values below the significance
threshold.

Results

The two groups were similar in terms of mean age and days of
hospital stay, but with more female patients in the obese group
(70.3% vs 46.5%). Table 1 shows the values for BMI and
waist circumference (with significant inter-group differences),
as well as those of common laboratory tests (glucose, choles-
terol, uric acid, triglycerides)—all with similar results
(ANOVAwith Bonferroni multiple comparison test).

Table 2 shows the mean values for the inflammatory
markers assessed in the two groups, on D1 and D2. In terms
of fibrinogen values, there was no significant difference be-
tween values recorded for D1 and D2 in the obese or

Table 1 Descriptive statistics for
demographic, anthropometric,
and laboratory data (NP
normoponderal; O obese; SD
standard deviation; D1 day 1; D2
day 2)

Characteristic Patient group p value

NP O

Mean value SD Mean value SD

Age (years) 66.05 8.73 65.04 9.17 0.099

Hospital stay (no. of days) 12.17 2.51 11.68 2.28 0.299

BMI (kg/m2) 24.13 1.10 31.78 2.05 0.0001

Waist circumference (cm) 93.63 17.72 107.08 10.26 0.0001

Glucose (D1, mg/dL) 101.07 22.98 103.98 26.59 1.000

Glucose (D2, mg/dL) 109.28 22.61 116.50 30.26 0,541

Cholesterol (D1, mg/dL) 208.59 49.39 207.17 45.23 1.000

Cholesterol (D2, mg/dL) 142.32 38.24 141.75 33.72 1.000

Uric acid (D1, mg/dL) 6.16 1.65 6.57 1.44 0.528

Uric acid (D2, mg/dL) 5.25 1.32 5.58 1.42 0.640

Triglycerides (D1, mg/dL) 183.60 91.89 188.00 100.39 1.000

Triglycerides (D2, mg/dL) 113.51 58.17 113.81 57.64 1.000
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normoponderal group, and neither between the values for the
two groups on either D1 or D2.

For hsCRP, within both groups of patients, there was a
significant increase in serum values on D2 as compared to
D1 (p = 0.0001, Wilcoxon test). We also found a significant
difference, albeit smaller, between the values obtained on D1
for the two groups, with mean values for obese patients ex-
ceeding those of the normal weight group (p = 0.02, Mann-
Whitney test); however, this difference was not observed
when comparing inter-group values for D2 (p = 0.42, Mann-
Whitney test).

As for TNF-alpha, on intra-group analysis, there was a
statistically significant difference in serum values between
D1 and D2 only in the obese group, with decreased mean
values on D2 (p = 0.002, Wilcoxon test). For D1, the values
of the obese group were also increased as compared to those
of the normal weight group, with a significant difference (p =
0.003, Mann-Whitney test), but a similar difference was not
observed for D2 (p = 0.65, Mann-Whitney test).

Both groups had significantly increased values of serum
IL-6 on D2 compared to D1 (p = 0.0001, Wilcoxon test), but
with significant inter-group differences only onD2 (p = 0.013,
Mann Whitney test).

The post-operative evolution was uneventful for all patients,
and they were discharged without any infectious complications.

Discussion

Obesity has long been considered a problematic medical con-
dition, and the growing number of people affected worldwide,
its multiple implications, and the risk factors it implies, have
deemed it an important global public health issue. Thus, obesity
is much more than merely an aesthetic or bothersome issue, as
excessive adipose tissue influences a myriad of processes in the
body, including inflammation, with several authors pointing out
the presence of chronic inflammation in obesity. Its association
with osteoarthritis becomes even more important in the context
of the significant increase of the elderly population, a trend that
is present globally, with significant socio-economic implica-
tions [4, 19]. Treatment of advanced osteoarthritis is usually
joint replacement, with numerous costs related to surgery as
well as possible immediate or late post-operative complications
[20]. In this respect, a potential early detection of complications
could be welcomed in the effort to reduce hospitalisation costs
for these patients. A better understanding of the post-operative
inflammatory process in obese patients with a low level of
chronic inflammation could provide a basis for reducing the
cost of repeated post-operative screening.

Our study included two groups of consecutive patients un-
dergoing large joint replacement, similar in mean age and
length of hospital stay. The obese group included moreTa
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women, which might be explained by an increased prevalence
of both advanced osteoarthritis and obesity in females [3].

The measured mean fibrinogen levels showed no inter- or
intra-group differences on either day of assessment, only slight-
ly deviating from the normal range. For hsCRP, both groups
showed significantly increased values on D2 compared to D1, a
result in line with that of other similar studies [21]. Interestingly,
the inter-group difference for hsCRP was significant only on
D1, with greater mean values in obese patients, in agreement
with the chronic inflammation theory [6, 22]. However, even
though they have started out with higher pre-operative values,
obese patients show a post-operative level of the marker which
is similar to that of normoponderal patients.

Both IL-6 and hsCRP have been repeatedly shown to cor-
relate with inflammatory activity, making them valuable indi-
cators of the post-operative inflammatory response [21–23]. In
our study, the two groups showed an increase of IL-6 on D2
(p = 0.0001), with no significant inter-group differences on D1.
However, on D2, IL-6 levels in the obese group significantly
exceeded those found in the normoponderal patients. Hence,
these results did not comply with the expected pre-operative
increase in inflammation for the obese patients, but do corrob-
orate with the accepted acute phase marker status of IL-6.

One intriguing result was the decrease in mean values of
TNF-alpha found in both the obese and the normal weight
groups, and particularly for the obese patient on intra-group
analysis for D2, especially in view of the increased values com-
pared to normoponderals on D1. This is in line with the over-
expression of the macrophage produced inflammatory mediator
TNF-alpha in overweight and obesity, which seems to also be
released by the adipose tissue [22]. However, we could not find
an explanation or similar results in the literature for the decrease
in TNF-alpha levels in the post-operativemeasurements [24, 25].

Because of its important clinical implications, an appropri-
ate comprehension of the peri-operative changes in a patient’s
inflammatory status has the potential to influence the thera-
peutic attitude. However, the studied markers are still not part
of the routine monitoring, perhaps because of the costs im-
plied, and further studies are needed to map out the specific
changed in marker levels, based on a multitude of patient
characteristics and associated conditions. Still, for obese pa-
tients in particular, there is a potential to increase the efficien-
cy of management, with a clearer identification of possible
complications and improved quality of life after large joint
replacement surgery [23]. Unfortunately, the interpretation of
our study is limited by the relatively low number of patients in
both groups, and the lack of multiple post-operative measure-
ments of the markers. However, the results highlight the rela-
tive absence of significant changes induced by obesity in the
mean values of the markers obtained either pre- or post-
operatively as compared to normal weight patients, and bring
attention to peculiar changes in TNF-alpha levels, which war-
rant further clarification.

Our results confirmed the post-operative increase of serum
levels for IL-6 and hsCRP found by other studies, in both
normoponderal and obese patients, but pre-operatively we
could not detect the same difference between the two groups
in terms of IL-6, and only a slight difference in hsCRP levels,
which does not support the inflammatory status we expected
to find in the obese group. However, TNF-alpha levels were
much higher in the obese pre-operatively, and actually de-
creased to levels similar to those of the normal weight patients
on the measurement made within 24 hours after surgery.
Overall, we failed to observe any significant postoperative
differences in the mean values of the markers assessed, except
those of IL-6, implying that serum levels of fibrinogen, hsCRP
and TNF-alpha within 24 hours after large joint replacements
are not influenced by the patient’s ponderal status.
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